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Biology of the chalcid wasp, Megastimus wachtli, and
its relationship to colonization of cypress seeds by the
tortricid moth, Pseudococcyx tessulatana, in Algeria
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7KH JUHHQ F\SUHVV Cupressus sempervirens /
3LQDOHV &XSUHVVDFHDH LV RI JUHDW LQWHUHVW IRU
RUQDPHQWDO UHIRUHVWDWLRQ DQG ZLQGEUHDN XVH LQ
WKH HQWLUH 0HGLWHUUDQHDQ EDVLQ ,W LV ZHOO
DGDSWDWHG WR WKH YDULRXV 0HGLWHUUDQHDQ
FRQGLWLRQV DQG UHVLVWV ORQJ GU\ SHULRGV DV ZHOO DV
FROG H[WUHPHV 7KH HQWRPRORJLFDO IDXQD WKDW
H[SORLWV &XSUHVVDFHDH VHHGV LV ZHOO NQRZQ
5RTXHV DQG %DWWLVWL  PHQWLRQ QLQH LQVHFWV
DQG DFDULQD VSHFLHV IRXQG LQ F\SUHVV VHHGV DQG
FRQHV LQ QDWXUDO IRUHVWV DQG LQ SODQWDWLRQV
VHHGEHGV VHHG RUFKDUGV RU XUEDQ WUHHV RI WKH
0HGLWHUUDQHDQ DUHD 7KHVH DXWKRUV VKRZHG KRZ
LQVHFWV VSHFLDOL]HG LQ VHHG H[SORLWDWLRQ 7KH VHHG
FKDOFLG Megastigmus wachtli 6HLWQHU
+\PHQRSWHUD 7RU\PLGDH DQG VHHG EXJV
Orsillus 'DOODV +HWHURSWHUD /\JDHLGDH OLPLW
VHHG \LHOGV SDUWLFXODUO\ LQ VHHG RUFKDUGV $ WRWDO
RI  Megastigmus VHHG FKDOFLG VSHFLHV DUH
UHFRJQL]HG LQ (XURSH 1RUWK $IULFD DQG $VLD
0LQRU 5RTXHV DQG 6NU]\SF]\QVND  %DWWLVWL
HW DO  DIILUPHG WKDW PRUH WKDQ  RI
F\SUHVV FRQHV ZHUH FRORQL]HG HLWKHU E\ D VHHG
FKDOFLG M. wachtli RU E\ WKH VHHG EXJ Orsillus
maculatus )LHEHU $ VXUYH\ RI WKH RYLSRVLWLRQ
EHKDYLRU RI Orsillus depressus FDUULHG RXW LQ
$OJHULD VXJJHVWHG WKDW WKLV VHHG EXJ OD\V HJJV LQ
HPHUJHQFH KROHV H[FDYDWHG WKURXJK WKH FRQH VFDOH
E\ D VHHG FKDOFLG M. wachtli %RXD]L] 
6LPLODUO\ D VXUYH\ RI WKH RYLSRVLWLRQ EHKDYLRU RI
O. maculatus FDUULHG RXW LQ )UDQFH DQG ,WDO\
VXJJHVWHG WKDW WKLV VHHG EXJ OD\V HJJV
SUHIHUHQWLDOO\ LQ WKH HPHUJHQFH KROHV RI M.
wachtli 5RXDXOW  ,Q DGGLWLRQ WKH
UHODWLRQVKLS EHWZHHQ WKH H[RWLF SDWKRJHQLF IXQJXV
Seiridium cardinale :DJHQHU 6XWWRQ DQG
*LEVRQ DQG VSHFLHV RI WKH JHQXV Orsillus RQ C.
sempervirens ZDV VKRZQ WR EH HVVHQWLDOO\ EDVHG
RQ WKH DYDLODELOLW\ RI M. wachtli RYLSRVLWLRQ VLWHV
%DWWLVWL HW DO  %DWWLVWL HW DO  %DWWLVWL HW
DO  %RXD]L]  5RXDXOW HW DO 
5RXDXOW
7KH WRUWULFLG Pseudococcyx tessulatana
6WDXGLQJHU /HSLGRSWHUD 7RUWULFLGDH DQG WKH
VHHG FKDOFLG M. wachtli DOVR IRXQG LQ $OJHULD
%RXD]L]  %RXD]L] DQG &KDNDOL  VHHPHG
WR FDXVH VLJQLILFDQW GDPDJH *XLGR HW DO 
5RTXHV DQG 5DLPEDXOW  =RFFKL 
+RZHYHU WKHLU H[DFW GLVWULEXWLRQ DQG WKHLU
ELRORJ\UHPDLQVXQVWXGLHGLQ$OJHULD
7KLV DUWLFOH DLPV WR HVWDEOLVK L WKH LGHQWLW\ RI
HQWRPRIDXQD DWWDFNLQJ VHHG FRQHV LQ WKH %DwQHP
F\SUHVV DUERUHWD )RU WKLV SXUSRVH VHHG FRQHV RI
C. sempervirens ZHUH PRQLWRUHG RYHU LWV HQWLUH
GHYHORSPHQW IURP IORZHU DSSHDUDQFH WR VHHG
PDWXULW\ LL WKH ELRORJLFDO SDUDPHWHUV RI WKH
GHYHORSPHQW RI M. wachtli RQ F\SUHVV LLL WKH
UHVSHFWLYH LPSDFW RI M. wachtli DQG P.
tessulatana RQ VHHG FRQHV RI Cupressus VSS LY
WKH UHODWLRQVKLSV DPRQJ LQGLYLGXDOV RI WKH VDPH
LQVHFWV H[SORLWLQJ VHHG FRQHV DQG EHWZHHQ VSHFLHV
RI LQVHFWV RQ WKH FRQHV DQG Y WKH GLVWULEXWLRQ RI




7KH VWXG\ ZDV FDUULHG RXW LQ WKH %DwQHP
DUERUHWXP ORFDWHG DW  NP ZHVW RI $OJLHUV 7KLV
DUERUHWXP ZDV VHW XS LQ  LQ WKH FHQWHU RI WKH
%DwQHP IRUHVW ZKHUH LW RFFXSLHG  KD RI WKH 
KD RI WKLV IRUHVW ORQJLWXGH  
  WR  
  
DQG ODWLWXGH  
  WR  
  7KH VRLO
ZDV FOD\ RQ VFKLVW ZLWK PDQ\ FRDUVH HOHPHQWV 7KH
DOWLWXGH YDULHV IURP  WR  PHWHUV ZLWK DQ
DYHUDJH RI  PHWHUV 7KH FOLPDWH LV RI WKH
0HGLWHUUDQHDQ W\SH VXEZHW ZLWK KRW VXPPHUV
FKDUDFWHUL]HG E\ GU\ DQG D KRW SHULRG H[WHQGLQJ
IURP 0D\ WR 6HSWHPEHU DQG D UDLQ\ SHULRG IURP
2FWREHU WR 0D\ 7KUHH F\SUHVV VSHFLHV ZHUH
H[DPLQHG C. sempervirens C. arizonica
arizonicaDQG C. arizonica glabra
7KH C. arizonica arizonica VWDQG ZDV VWDUWHG LQ
 RQ D GHFOLYLW\ IURP  WR   ZLWK
JHRJUDSKLFDO FRRUGLQDWHV  
 RI ORQJLWXGH
DQG  
 RI ODWLWXGH ZLWK  WUHHV DQG WKH
JHQHUDOH[SRVXUHLV1RUWKZHVW
7KH C. arizonica glabra VWDQG ZDV VWDUWHG RQ
0DUFK   LQ WKH 6RXWKHUQ SDUW RI WKH IRUHVW
RI %DwQHP ORQJLWXGH  
  DQG ODWLWXGH 

ZLWKDWRWDORIWUHHVRQDVORSHRI
7KH C. sempervirens DUWLILFLDO VWDQG  WUHHV ZDV
VLWXDWHG RQ WKH DUERUHWXP %HUW WUHQFK LQ WKH
1RUWKHUQ SDUW RI WKH %DwQHP IRUHVW ORQJLWXGH 

  DQG ODWLWXGH  
  $ QDWXUDO C.
sempervirens VWDQG DSSHDUHG LQ WKH VRXWKHDVW
SDUW RI %DwQHP IRUHVW DIWHU WKH GLVDSSHDUDQFH RI
WKH EDOG F\SUHVV Taxodium disticum ,W FRQVLVWHG
RI  WUHHV RQ D VORSH RI  WR   ZLWK D
1RUWKZHVW H[SRVXUH ORQJLWXGH  
  DQG
ODWLWXGH  
  $ KHGJH RI C. sempervirens
WKDW VHSDUDWHG WKH Pinus DQG (XFDO\SWXV VWDQGV
ZDV DOVR LQFOXGHG LQ WKLV VWXG\ 7KH\ JUHZ RQ D 
WRVORSHH[SRVHGWRWKH6RXWKHDVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ,Q 0DUFK   WUHHV EHDULQJ VHHG FRQHV \HW
XQSROOLQDWHG ZHUH VHOHFWHG WKURXJKRXW WKH VWDQG
RI C. sempervirens 7KUHH VHHGFRQHEHDULQJ
EUDQFKHV ZHUH WDJJHG RQ HDFK WUHH 7KH SRVLWLRQ
RI WKH FRQHV RQ HDFK EUDQFKH ZDV PDSSHG 7KLV
FRKRUW RI VHHGV FRQHV ZDV PRQLWRUHG SHULRGLFDOO\
XQWLO VHHGV ZHUH PDWXUH LQ -XQH  'XULQJ
WKLV SHULRG WKH VDPSOH EUDQFKHV ZHUH H[DPLQHG
HLJKW WLPHV WKUHH HDFK LQ  DQG  DQG
WZLFH LQ  DW DSSUR[LPDWHO\ IRXU PRQWK
LQWHUYDOV 'XULQJ HDFK YLVLW WKH SRVVLEOH FDXVH RI
LQMXU\ RU GHDWK ZDV UHFRUGHG $ VDPSOH RI WKH
GDPDJHG FRQHV ZDV FROOHFWHG DW HDFK YLVLW DQG
GLVVHFWHGWRFRQILUPWKHFDXVHRIPRUWDOLW\
Species richness and damage assessment
6WDQGDUGL]HG FRQH FROOHFWLRQV ZHUH FDUULHG RXW
HYHU\  GD\V EHWZHHQ 'HFHPEHU  DQG $XJXVW
 LQ WKH  VWDQGV LQ WKH %DwQHP $UERUHWXP ,Q
HDFK VWDQG WZR  FPEUDQFKHV RQH IURP WKH
ORZHU FURZQ DQG DQRWKHU IURP WKH XSSHUFURZQ
ZHUH VHOHFWHG UDQGRPO\ IURP HDFK RI  WUHHV
)LUVW WKH EUDQFKHV ZHUH EHDWHQ LPPHGLDWHO\ RYHU
D QHW WR FROOHFW WKH LQVHFWV SUHVHQW RQ WKH FRQH
VXUIDFH DV ZHOO DV IURP WKH VXUURXQGLQJ IROLDJH
$OO WKH \HDUROG FRQHV LH JUHHQ FRQHV WKDW DUH
LQ WKH JURZWK SURFHVV \HDUROG FRQHV LH
DVKJUH\ FRQHV WKDW FRPSOHWHG WKH JURZWK SHULRG
WKH \HDU EHIRUH DQG WKDW ZLOO UHOHDVH VHHGV WKH
IROORZLQJ ZLQWHU DQG \HDUROG FRQHV LH
RYHUPDWXUH FRQH ZHUH FRXQWHG DQG UHPRYHG
IURP WKH EUDQFK &KDUDFWHULVWLFV RI WKH VWDQG
FOLPDWH H[SRVXUH DQG RI WKH VDPSOHG WUHHV LH
W\SH RI FURZQ KRUL]RQWDO vs. S\UDPLGDO DQG WUHH
SRVLWLRQ LQ WKH VWDQG ZHUH DOVR QRWHG DW WKH WLPH
RIVDPSOLQJ
,Q WKH ODERUDWRU\ WKH \HDUROG FRQHV DQG KDOI RI
WKH  DQG  \HDUROG FRQHV ZHUH GLVVHFWHG WR ORRN
IRU LQWHUQDO LQVHFW GDPDJH DQG IRU WKH SUHVHQFH RI
ODUYDH )RU HDFK GLVVHFWHG FRQH WKH VHHGV ZHUH
H[WUDFWHG DQG HDFK VHHG ORW ZDV LQGLYLGXDOO\
LUUDGLDWHG ZLWK ;UD\V XVLQJ D )D[LWURQ
DSSDUDWXV  .Y  P$  PLQ DQG UHFRUGHG
XVLQJ ;UD\ VHQVLWLYH ILOP .RGDN ³,QGXVWUH[
0´ 7KH VHHG TXDOLW\ LH LQVHFWLQIHFWHG VHHGV
ODUYDO GHYHORSPHQW ZDV DVVHVVHG IURP WKH
UDGLRJUDSKLFLPDJHV
Emergence period and sex-ratio of M.
wachtli
7KH UHPDLQGHU RI WKH  DQG \HDUROG FRQHV ZHUH
SODFHG LQWR UHDULQJ ER[HV  [  DQG VWRUHG LQ
DQ RXWGRRU LQVHFWDU\ DW %DwQHP $OJLHUV $GXOW
LQVHFWV ZHUH NLOOHG DW HPHUJHQFH DQG LGHQWLILHG WR
VSHFLHV 7KH HPHUJHQFH SDWWHUQ RI ERWK VH[HV RI
WKH Megastigmus VSHFLHV ZDV PRQLWRUHG GDLO\
GXULQJ WKH  DXWXPQDO SHULRG IURP  
\HDUROG FRQHV VHHG RI C. sempervirens FROOHFWHG
LQ QDWXUDO VWDQGV EHIRUH DQ\ HPHUJHQFH RI WKH
DGXOWV WR LQYHVWLJDWH SRVVLEOH GLIIHUHQFHV LQ WKH
HPHUJHQFH SHULRG DPRQJ VH[HV RI WKH LQIHFWHG
VHHGV 7KH VH[ UDWLR RI WKH M. wachtli DGXOWV WKDW
HPHUJHG LQ 6HSWHPEHU  IURP VHHGV FROOHFWHG
IURP C. sempervirens FROOHFWHG LQ QDWXUDO VWDQGV
GXULQJ WKH VXPPHU RI WKH VDPH \HDU ZDV
PHDVXUHG
M. wachtli development
7R FKHFN LI WKH IHPDOH M. wachtli FDQ GHYHORS
SDUWKHQRJHQHWLFDOO\  XQIHUWLOL]HG IHPDOHV WKDW
HPHUJHG LQ 6HSWHPEHU DQG 2FWREHU  IURP
LQGLYLGXDO LQIHVWHG VHHGV KHOG LQ WKH ODERUDWRU\
ZHUH IHG KRQH\ ZDWHU DQG WKHQ SODFHG LQWR WXOOH
EDJV WKDW ZHUH DWWDFKHG WR D EUDQFK FRQWDLQLQJ
FRQHV LQ  WUHHV  EDJV SHU WUHH 6L[ IHPDOHV ZHUH
SXW LQ HDFK EDJ WR REVHUYH LI WKH\ SURGXFHG
SURJHQ\ DQG WKHLU JHQGHU )RU FRPSDULVRQ 
PDWLQJ SDLUV RI M. wachtli ZHUH LQWURGXFHG LQWR
 EDJV SODFHG LQ  WUHHV  EDJV SHU WUHH 7KUHH
SDLUV ZHUH SXW SHU WUDS WR REVHUYH WKH HPHUJHQFH
RISURJHQ\WKHIROORZLQJ\HDU
/RQJHYLW\ RI DGXOW M. wachtli ZDV GHWHUPLQHG
XQGHU ODERUDWRU\ FRQGLWLRQV DQG FRUURERUDWHG
ZLWK SHULRGLF ILHOG REVHUYDWLRQV ,Q WKH ILHOG
ORQJHYLW\ RI LQGLYLGXDOV ZDV VWXGLHG E\ IROORZLQJ
 DGXOWV HPHUJHG IURP VHHG RI \HDUROG C.
sempervirens FRQHV LQ 6HSWHPEHU  DQG
SODFHG RQ WKH GD\ RI HPHUJHQFH LQ JURXSV RI
LGHQWLFDO HPHUJHQFH GDWH LQWR UHDULQJ ER[HV
VWRUHG LQ DQ RXWGRRU LQVHFWDU\ DW %DwQHP DQG IHG
KRQH\ ZDWHU ,Q D ODERUDWRU\ H[SHULPHQW
ORQJHYLW\ RI  DGXOWV RI M. wachtli ZDV VWXGLHG
GXULQJ $SULO DQG 0D\  7KH DGXOWV HPHUJHG
IURPVHHGIURP\HDUROG C. sempervirens FRQHV
Egg development in M. wachtli and P.
tessulatana
7KH GHYHORSPHQW RI HJJV ZDV H[DPLQHG E\
GLVVHFWLRQ RI RYDULHV RI WKLUW\ M. wachtli IHPDOHV
WKDW HPHUJHG LQ 6HSWHPEHU  IURP VHHGV RI 
\HDUROG FRQHV RI C. sempervirens 7KHVH IHPDOHV
ZHUH SODFHG RQ WKH ILUVW GD\ RI HPHUJHQFH LQ
JURXSV RI LGHQWLFDO HPHUJHQFH GDWH LQWR UHDULQJ
ER[HV VWRUHG LQ DQ RXWGRRU LQVHFWDU\ DW %DwQHP
DQG IHG KRQH\ ZDWHU 7KH FKDOFLGV ZHUH GLVVHFWHG
E\ UHPRYLQJ WKH FRPSOHWH RYDU\ 7KH RYDULROHV
ZHUH WUDQVIHUUHG WR D VOLGH SODFHG LQ %RXLQV
IL[DWLYH DQG WKH HJJV ZHUH FRXQWHG 0LFURVFRSLF
REVHUYDWLRQV ZHUH PDGH RQ WKH RRF\WHV RI WKLUW\
IHPDOHVWRGD\VROG'HYHORSPHQWRIWKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH RRF\WHV ZDV UHFRUGHG DV SUHYLWHOORJHQLF DQG
YLWHOORJHQLFRRF\WHVRUIXOO\GHYHORSHGHJJV
(JJ GHYHORSPHQW LQ P. tessulatana ZDV
GHWHUPLQHG DV GHVFULEHG DERYH IRU M. wachtli
0LFURVFRSLF REVHUYDWLRQV RI ZHUH PDGH RQ WKH
RYDULHVRIWZHQW\IHPDOHVWRGD\VROG
Relationship between M. wachtli and P.
tessulatana
7KH UHODWLRQVKLS EHWZHHQ FRORQL]DWLRQ E\ D
F\SUHVV VHHG FKDOFLG DQG WKH WRUWULFLG ZDV
FKDUDFWHUL]HG E\ WKHLU SUHVHQFHDEVHQFH UDWLR LQ
 FRORQL]HG \HDUROG FRQHV RI C.
sempervirens  FRQHV ZHUH FROOHFWHG IURP HDFK
RI  WUHHV &RQHV DWWDFNHG E\ M. wachtli DQG P.
tessulatana ZHUH LGHQWLILHG RQ WKH EDVLV RI WKHLU
H[WHUQDO DSSHDUDQFH DV WKH\ GULHG DQG RSHQHG
SUHFRFLRXVO\ ZKHQ FRPSDUHG WR FRQHV FRQWDLQLQJ
KHDOWK\ VHHG )RU HDFK DWWDFNHG FRQH WKH SUHVHQFH
RU WKH DEVHQFH RI DWWDFN RI WKH FKDOFLG DQG WKH
WRUWULFLG ZDV QRWHG WR VHH ZKHWKHU M. wachtli
SUHIHUV UHMHFWV RU LV LQGLIIHUHQW WR WKH SUHYLRXV
DWWDFNRIWKHFRQHVE\ P. tessulatana
Distribution of the emergence holes of M.
wachtli and P. tessulatana
7R GHWHUPLQH WKH UHODWLYH GLVWULEXWLRQ RI M.
wachtli DQG P. tessulatana GDPDJH WR WKH FRQHV RI
C. sempervirens DQG C. arizonica, H[WHUQDO
GDPDJH DQG WKH SRVLWLRQ RI WKH DGXOW¶V HPHUJHQFH
KROHV RQ WKH FRQHV ZDV QRWHG DQG GUDZQ 
FRQHV LQIHVWHG E\ M. wachtli DQG  FRQHV
LQIHVWHG E\ P. tessulatana ZHUH FROOHFWHG IURP 
C. sempervirens WUHHV &RQHV KDYLQJ ZHDN DQG
VWURQJ M. wachtli GDPDJH ZHUH H[DPLQHG
VHSDUDWHO\  FRQHV LQIHVWHG E\ M. wachtli DQG
 E\ P. tessulatana ZHUH FROOHFWHG IURP  C.
arizonica WUHHVDQGH[DPLQHG
Damage by Caruslaspis minima Targioni
(Homoptera, Diaspididae), to seed cones
of C. arizonica glabra
,Q 'HFHPEHU  DW C. arizonica glabra VWDQG 
EUDQFKHV EHDULQJ  DQG \HDUROG FRQHV ZHUH
UDQGRPO\ FKRVHQ IURP HDFK RI  IORZHULQJ WUHHV
VHOHFWHG UDQGRPO\ $ WRWDO RI  VRXQG FRQHV DQG
 LQIHFWHGFRQHV E\ C. striata ZHUH FROOHFWHG $W
WKH ODERUDWRU\ WKH  DQG \HDUROG FRQHV ZHUH
GLVVHFWHG DQG WKH VHHGV ZHUH H[WUDFWHG $OO VHHG
ORWV ZHUH LQGLYLGXDOO\ LUUDGLDWHG ZLWK ;UD\V WR
HYDOXDWH WKH UHVSHFWLYH QXPEHU RI QRUPDO C.
minimaLQIHVWHGDQGHPSW\VHHGVSHUFRQH
Insect damage to cones of Cupressus
dupreziana
 FRQHV ZHUH VHOHFWHG IURP DQG  \HDUROG
FRQHV RI C. dupreziana WKDW KDG EHHQ FROOHFWHG LQ
$SULO   FRQHV ZHUH VHOHFWHG IURP DQG 
\HDUROG FRQHV FROOHFWHG LQ -XQH  LQ 7DVVLOL
7KLUW\ VXUYLYLQJ FRQHV WKRVH LQ WKHLU WKLUG \HDU RI
GHYHORSPHQW ZHUH KDUYHVWHG MXVW EHIRUH WKH
QDWXUDO VHHG GLVSHUVDO RFFXUUHG DQG WKH VHHGV
ZHUH UHPRYHG $ WRWDO RI  VHHGV ZHUH
LQGLYLGXDOO\ LUUDGLDWHG ZLWK ;UD\V WR HYDOXDWH WKH
UHVSHFWLYH QXPEHU RI ILOOHG LQVHFWVGDPDJHG DQG
HPSW\VHHGVSHUFRQH
Data treatment
7KH SHUFHQWDJH RI FRQHV FRORQL]HG E\
Megastigmus ZHUH FRPSDUHG DPRQJ WUHH VWDQG
DQG VSHFLHV XVLQJ DQDO\VLV RI YDULDQFH $QRYD
6WDWVRIW 6WDWLVWLFD: SDFNDJH $129$ ZDV XVHG
WR FRPSDUH WKH SHUFHQWDJH RI M. wachtli DQG P.
tessulatana HPHUJHQFH KROHV RQ WKH FRORQL]HG
FRQHV DQG WR WHVW ORFDOL]DWLRQ RI WKH FRORQL]DWLRQ
SHU FRQH VKDSH LQVHFW SHVWV DQG F\SUHVV VSHFLHV
7KH SHUFHQWDJHV GDWD ZHUH WUDQVIRUPHG E\ DUFVLQ
¥ S WR DFKLHYH KRPRJHQHLW\ RI WKH YDULDQFH EHIRUH
VWDWLVWLFDO DQDO\VLV $129$ ZDV IROORZHG E\
7XNH\¶V WHVW WR ORRN IRU GLIIHUHQFHV EHWZHHQ
ORFDWLRQV DQG VSHFLHV 7KH UHVXOWV RI WKH ORQJHYLW\
RI M. wachtli ZHUH DQDO\]HG E\ WKH Ƶ WHVW 7KH
UHODWLRQVKLS EHWZHHQ WKH FRORQL]DWLRQ E\ WKH VHHG
FKDOFLG DQG E\ WKH WRUWULFLGV ZDV VXEMHFWHG WR D
3HDUVRQFRUUHODWLRQWHVW5
Results
Entomofauna and description of insect
damage on cypress seed cones
6HYHQ LQVHFW VSHFLHV DQG RQH GLDVSLQH FRFKLQHDO
ZHUH REVHUYHG WR DWWDFN WKH FRQHV DQG VHHGV RI
Cupressus LQ WKH %DwQHP DUERUHWXP GXULQJ 
DQG  $FFRUGLQJ WR WKH IHHGLQJ KDELWV GHILQHG
E\ 7XUJHRQ HW DO  WZR VSHFLHV DUH
FRQRSKDJRXV LH IHHG RQ FRQH WLVVXHV RQO\ RQH
LV FRQRVSHUPDWRSKDJRXV LH IHHG RQ ERWK FRQH
WLVVXHV DQG VHHGV DQG WKUHH VSHFLHV DUH
VSHUPDWRSKDJRXV LH IHHG RQ VHHGV RQO\ WKH
GLDVSLQH FRFKLQHDO LV RSRSKDJRXV LH VXFN WKH
VDS FRQWHQWV RI WKH VFDOHV 7DEOH  7KH WKUHH
F\SUHVV VSHFLHV VWXGLHG C. arizonica arizonica, C.
arizonica glabra DQG C. sempervirens, ZHUH
DWWDFNHG E\ IRXU PDLQ SHVWV O. maculatus, O.
depressus, M. wachtli DQG P. tessulatana7 Z R
RWKHU VSHFLHV Brachyacma oxycedrella DQG
Nanodiscus transversus ZHUH DOVR IRXQG RQ C.
sempervirens
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7ZR RI WKHVH VSHFLHV WKH VSHUPDWRSKDJRXV M.
wachtli DQG WKH FRQRVSHUPDWRSKDJRXV P.
tessulatana KDG DOUHDG\ EHHQ REVHUYHG RQ WKH
FRQH DQG VHHGV RI C. sempervirens DQG C.
macrocarpa LQ WKH 0HXUGMD DUERUHWXP DQG &KUHD
1DWLRQDO 3DUN %RXD]L]  %RXD]L] DQG &KDNDOL
 :H IRXQG GXULQJ WZR \HDUV RI REVHUYDWLRQ
WKDW M. wachtli HPHUJHG IURP PDWXUH FRQHV DQG
ODLG HJJV LQ VHHGV RI JUHHQ IXOO\JURZQ FRQHV WKDW
KDG MXVW EHJXQ WKH VHHG PDWXUDWLRQ SKDVH 7KH
FRQRVSHUPDWRSKDJRXV P. tessulatana SUHVHQWHG
WZR JHQHUDWLRQV SHU \HDU ZLWK D WKLUG SDUWLDO
JHQHUDWLRQ 7KH VDPH REVHUYDWLRQ ZDV PDGH E\
*XLGRHWDO LQ,WDO\
7KH FRQRVSHUPDWRSKDJRXV P. tessulatana
DWWDFNHG JUHHQ FRQHV GXULQJ WKH ILUVW \HDU RI
GHYHORSPHQW 7KUHH VSHUPDWRSKDJRXV SHVWV M.
wachtli, O. maculatus DQG O. depressus DWWDFNHG
PDWXULQJ DQG PDWXUH VHHGV LQVLGH DQG 
\HDUROG FRQHV 7DEOH  7KH SKHQRORJLFDO
UHODWLRQVKLSV EHWZHHQ FRQH GHYHORSPHQW DQG SHVW
DWWDFNV IURP EXG EXUVW WR VHHG GLVSHUVDO ZHUH
VLPLODUWRWKRVHUHSRUWHGE\ *XLGRHWDO
$QRWKHU VSHFLHV, Caruslaspis minima 7DUJLRQL
+RPRSWHUD 'LDVSLGLGDH ZDV DEXQGDQW RQ WKH
F\SUHVV FRQHV VWXGLHG 7KHVH LQVHFWV ZHUH
XQXVXDO 7KH\ ZHUH PRWLRQOHVV DQG OLYH LQ
FRORQLHV IL[HG RQ WKH YDULRXV DHULDO SDUWV VKHHWV
IUXLWV EUDQFKHV DQG WUXQN 7KH\ VKRZ DQ
LPSRUWDQW VH[XDO GLPRUSKLVP 7KH IHPDOHV ZKLFK
ZHUH LQ JHQHUDO WKH PRVW DEXQGDQW IRUPV DQG
PRVW UHFRJQL]DEOH LQ QDWXUH ZHUH SURWHFWHG E\ D
VKLHOG 7KLV GLDVSLQH FRFKLQHDO FDXVHG \HOORZLQJ
RI WKH DWWDFNHG SDUWV ZKHUH VDS ZDV VXFNHG IURP
WKHSODQWEXWRWKHUZLVHGLGQRWLPSDFWWKHVHHGV
7KH WRWDO QXPEHU RI VHHGV LQ VRXQG FRQHV RI C.
arizonica glabra ZDV    0HDQ 
6' Q    DQG WKH WRWDO QXPEHU RI VHHGV LQ
FRQHV LQIHVWHG E\ C. minima ZDV  
 Q   $QDO\VLV RI WKH [UD\ UDGLRJUDSKLF
LPDJH RI WKH RYHUDOO VHHG \LHOG RI C. arizonica
glabra FRQHV FROOHFWHG DW PDWXULW\ UHYHDOHG WKDW
DQ DYHUDJH SHUFHQWDJH RI  RI WKH VHHGV ZHUH
ILOOHG LQ VRXQG FRQHV DQG   RI WKH VHHGV ZHUH
HPSW\ DQG DERUWHG ;UD\ DQDO\VHV RI WKH VHHG
FRQWHQW RI C. minima FRQHV VKRZHG WKDW   RI
VHHG ZHUH ILOOHG DQG  RI WKH VHHGV ZHUH
HPSW\ DQG DERUWHG 7KH SHUFHQWDJHV RI QRUPDO
DERUWHG DQG HPSW\ VHHGV SHU FRQH ZHUH QRW
VLJQLILFDQWO\ GLIIHUHQW DPRQJ VRXQG DQG GDPDJHG
C. minima FRQHV $129$ )     3  

6\PSWRPV RI LQVHFW DWWDFN ZHUH REVHUYHG RQ WKH
FRQHV RI C. dupreziana 7KH SHUFHQWDJH RI
LQIHVWDWLRQ RI \HDUROG FRQHV YDULHG IURP
 WR  +RZHYHU LW ZDV QRW SRVVLEOH WR
LGHQWLI\ WKH LQVHFWV WKDW ZHUH UHVSRQVLEOH IRU WKLV
GDPDJH 7KH FRQHV ZHUH DWWDFNHG E\ /HSLGRSWHUD
ZKRVH H[LW KROHV VKDSHV ZHUH LUUHJXODU DQG RI D
VL]H LGHQWLFDO WR WKRVH RI P. tessulatana 7KH ;UD\
DQDO\VHV RI VHHGV H[WUDFWHG IURP  DWWDFNHG
FRQHV VKRZHG WKDW RQO\  RI WKH VHHGV ZHUH
QRUPDO C. dupreziana GLG QRW PDQDJH WR HQVXUH
LWV UHJHQHUDWLRQ 7KH DWWDFN RI WKH SHVW VHHG FRQHV
SUHVXPDEO\ P. tessulatana VHHPHG WR EH RQH RI
WKHFDXVHV
Other factors causing mortality
2QFH VHHG FRQH EXGV KDYH EHHQ IRUPHG WKHLU
GHYHORSPHQW FDQ EH VWRSSHG E\ VHYHUDO IDFWRUV
VXFKDVFOLPDWLFFRQGLWLRQVWKDWFDQFDXVH
Table 1/LVWRISHVWLQVHFWVRIWKHF\SUHVVFRQHVLQGH[HGLQWKH%DwQHPDUERUHWXP








































































-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DERUWLRQ HLWKHU RI EXGV EHIRUH WKH\ EXUVW RSHQ RU
RI LPPDWXUH VHHG FRQHV ,Q PRVW FDVHV DERUWLRQ
RI VHHG FRQHV ZDV WKH UHVXOW RI SRRU RU LQDGHTXDWH
SROOLQDWLRQ
7DJJHG FRQHV ZHUH DWWDFNHG E\ VHYHUDO IXQJL WKH
PRVW LPSRUWDQW VSHFLHV RI ZKLFK ZHUH Seiridium
 Coryneum cardinale :DJ DOVR UHVSRQVLEOH
IRU GLVHDVH NQRZQ DV F\SUHVV FDQNHU DQG
Pestalotia  Pestalotiopsis funerea 'HVP 7KH
IXQJXV DWWDFN ZDV HLWKHU OLPLWHG WR FRQH VFDOHV RU
LW H[WHQGHG WR WKH ZKROH FRQH 7KH IXQJL FRXOG
HDVLO\ SHQHWUDWH WKH VHHG FRDW RQ ZKLFK WKH\
SURGXFHGDEXQGDQWVSRUHV%RXD]L]
Biology of M. wachtli
7KH IHPDOH UHSURGXFWLYH V\VWHP RI M. wachtli ZDV
FRPSRVHG RI WZR RYDULHV HDFK ZLWK VL[ RYDULROHV
$W HPHUJHQFH WKH RYDULROHV ZHUH QRW
GLIIHUHQWLDWHG 7KH IHPDOH DEGRPLQDO FRQWHQW ZDV
HVVHQWLDOO\ IDWW\ WLVVXH WKDW UHJUHVVHG DIWHU WKH
VHFRQG GD\ RI IHHGLQJ 7KH JHQLWDO DSSDUDWXV GLG
QRW GLIIHUHQWLDWH XQWLO DIWHU WKH VL[WK GD\ RI
IHHGLQJ ZKHQ WKH JHQLWDO DSSDUDWXV IRUPHG )URP
WKH WK GD\ RI IHHGLQJ WKH SUHVHQFH RI RQH HJJ
ZDV REVHUYHG LQ YLWHOORJHQHVLV ,W WKXV VHHPHG
WKDW WKLV VSHFLHV FRXOG VWDUW WR OD\ HJJV RQO\ DIWHU
WKH WZHOIWK GD\ )LJXUH  7KH DYHUDJH IHFXQGLW\
RIDIHPDOHXQGHURXUUHDULQJFRQGLWLRQVZDV
 HJJV Q    6' 7KLV REVHUYDWLRQ GLIIHUHG
IURP WKDW PDGH RQ RWKHU Megastigmus VSHFLHV
VXFK DV M. spermotrophus ZKHUH WKH IHPDOHV






:KHQ YLUJLQ IHPDOHV ZHUH SODFHG LQ EDJV LQ WKH
DEVHQFH RI PDOHV WKH\ SURGXFHG  PDOHV DQG 
IHPDOHV LQ 2FWREHU  ,Q  WKH IHUWLOL]HG
IHPDOHV RI WKH VDPH RULJLQ ODLG HJJV SURGXFLQJ 
IHPDOHV DQG  PDOHV 7DEOH  7KHVH UHVXOWV
VXSSRUW WKH HYLGHQFH WKDW M. wachtli LV FDSDEOH RI
DUUKHQRWRNRXV SDUWKHQRJHQHVLV DV DUH RWKHU
VSHFLHVRI Megastigmus 5RX[




-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ,Q VWDQGV VXUYH\HG ERWK \HDUV WKH PRVW DEXQGDQW
VH[ DSSHDUHG WR YDU\ DPRQJ \HDUV ZLWK PDOHV
EHFRPLQJ PRVW DEXQGDQW LQ %DwQHP DUERUHWXP LQ
 DQG  )LJXUH  7KH UDWLR RI PDOHV WR
IHPDOHV ZDV  LQ  Q    DQG  Q  
 LQ  7KH VLWXDWLRQ ZDV FRPSOHWHO\
GLIIHUHQW LQ  DQG  ZKHQ WKH VH[ UDWLR ZDV
 LQ IDYRU RI IHPDOHV LQ  LQ WKH 0HXUGMD
DUERUHWXP Q    %RXD]L]  %RXD]L] DQG
&KDNDOL  DQG  LQ  Q    7KLV VH[
UDWLR VXJJHVWHG WKDW 0 ZDFKWOL ZDV FDSDEOH RI
DUUKHQRWRNRXV SDUWKHQRJHQHVLV DV DUH RWKHU
VSHFLHV RI 0HJDVWLJPXV 7KH VDPH UHVXOW ZDV
VKRZQ E\ 5RTXHV HW DO  IRU M. wachtli LQ
QDWXUDO DQG LQWURGXFHG WUHHV LQ *UHHFH ZKHUH WKH\
REWDLQHG D VH[ UDWLR LQ IDYRU RI IHPDOHV LQ  VLWHV
 VLWHV LQ IDYRU RI WKH PDOHV DQG  VLWHV KDG D VH[
UDWLR RI  %HQ -DPDD DQG 5RTXHV  IRXQG
DQDYHUDJHVH[UDWLRRILQIDYRURIWKHIHPDOHV





5DGLRJUDSK\ RI WKH VHHGV DOORZHG WKH H[DPLQDWLRQ
RI ODWHU GHYHORSPHQW RI ODUYDH GXULQJ FRQH
PDWXUDWLRQ /DUYDO GHYHORSPHQW SURFHHGHG
HQWLUHO\ LQ D VLQJOH VHHG 7KH ODUYD LQLWLDOO\
GHYHORSHG DW WKH H[SHQVH RI WKH FRW\OHGRQV DQG LW
VWDUWHG WR FRQVXPH VHHG HQGRVSHUP WKH IROORZLQJ
VSULQJ 6LPLODU UHVXOWV ZHUH REVHUYHG SUHYLRXVO\
5RTXHV  5RTXHV HW 5DLPEDXOW  *XLGR
HW DO  /DUYDH RI M. wachtli VHHPHG DEOH WR
GHYHORS LQ QRQIHUWLOL]HG RYXOHV DV *XLGR HW DO
 VXJJHVWHG EXW ZH FRXOG QRW H[SHULPHQWDOO\
LQIHVW QRQIHUWLOL]HG RYXOHV LQ RUGHU WR WHVW WKLV
DVVXPSWLRQ %RXD]L] DQG 5RTXHV XQSXEOLVKHG
UHVXOWV 5RXDXOW HW DO  K\SRWKHVL]H WKDW DOO
VSHFLHV RI 0HJDVWLJPXV DVVRFLDWHG ZLWK 3LQDFHDH
FDQ RYLSRVLW LQ XQIHUWLOL]HG RYXOHV ZKHUHDV WKRVH
H[SORLWLQJ &XSUHVVDFHDH FDQQRW DQG WKXV RYLSRVLW
RQO\ LQ DOUHDG\ IXOO\ GHYHORSHG IHUWLOL]HG VHHGV
,QIHVWHG PHJDJDPHWRSK\WHV RI XQSROOLQDWHG
RYXOHV GLG QRW GHJHQHUDWH DV ZRXOG KDYH EHHQ
H[SHFWHG EXW FRQWLQXHG WR GHYHORS $GHUNDV HW
DO  1LZD DQG 2YHUKXOVHU  DQG
5DSSDSRUW HW DO  VKRZHG WKDW WKH M.
spermotrophus ODUYDH ZHUH DEOH WR OD\ HJJV RQ
QRQIHUWLOL]HG RYXOHV RI WKH Pseudotsuga VSHFLHV
DQG WKDW WKH ODUYD FRXOG FRPSOHWH LWV GHYHORSPHQW
WKHUH 7KH FKDOFLG OD\V LWV HJJV LQ VHHGV RI 'RXJODV
ILU Pseudotsuga menziesii 0LUEHO )UDQFR
EHIRUH IHUWLOL]DWLRQ KDV WDNHQ SODFH LQ WKH SODQW
2YLSRVLWLRQ QRW RQO\ SUHYHQWV WKH H[SHFWHG
GHJHQHUDWLRQ DQG GHDWK RI XQIHUWLOL]HG RYXOHV EXW
LW LQGXFHV HQHUJ\ UHVHUYH DFFXPXODWLRQ $GHUNDV
HW DO  )ROORZLQJ RYLSRVLWLRQ E\ M.
spermotrophus LQ XQSROOLQDWHG
PHJDJDPHWRSK\WHV ODUYDH KDWFKHG DQG EHJDQ
FRQVXPLQJ WKH FHQWUDO ]RQH (JJV ZHUH ODLG LQ
PHJDJDPHWRSK\WHV WKDW ZHUH GLIIHUHQWLDWLQJ
DUFKHJRQLD ZKLFK ZRXOG HYHQWXDOO\ KRXVH WKH
SODQW HJJV $GHUNDV HW DO  7KH WRU\PLG
FKDOFLG ZDVS ZDV DEOH WR LQGXFH LGHQWLFDO QXFOHDU
EHKDYLRU LQ LQIHVWHG XQIHUWLOL]HG
PHJDJDPHWRSK\WHV DV RFFXUUHG LQ XQLQIHVWHG




LQVHHGVRI Cupressus sempervirens E\XQIHUWLOL]HGIHPDOH
M. wachtli
Number of emerging adults/trap
Parents/Dates of
infestations

























7KH HPHUJHQFH RI M. wachtli ZDV VSUHDG RXW RYHU
 ZHHNV IURP WKH EHJLQQLQJ RI 6HSWHPEHU WR
PLG2FWREHU )LJXUH  (PHUJHQFH RI PDOHV ZDV
HDUOLHU DV  RI PDOHV HPHUJHG EHIRUH WKH VW RI
6HSWHPEHU FRPSDUHG WR WKH UG RI 6HSWHPEHU IRU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  RI IHPDOHV 7KHVH HPHUJHQFHV ZHUH ODWHU WKDQ
WKRVH REVHUYHG LQ WKH QDWXUDO VLWHV LQ *UHHFH DQG








7KH IHPDOHV KDG DQ DYHUDJH OLIHVSDQ VLJQLILFDQWO\
ORQJHU WKDQ WKDW RI PDOHV  RI PDOHV GLHG DW
WKH HQG RI  GD\V DQG RQO\  RI WKHP VXUYLYHG
 GD\V RU PRUH ,Q FRQWUDVW WKH FRUUHVSRQGLQJ
SHUFHQWDJHV IRU IHPDOHV ZHUH  GLHG DW WKH
HQG RI  GD\V DQG  ZHUH VWLOO DOLYH DIWHU 
GD\V PDQ\ RI ZKLFK VXUYLYHG XS WR  GD\V *LYHQ
WKDW HJJV GLG QRW VWDUW WR PDWXUH XQWLO GD\ 
WKHVH UHVXOWV VXJJHVWHG WKDW WKH RQO\ WKHVH ROGHU
IHPDOHV ZRXOG OD\ HJJV ,Q WKH ILHOG SUHOLPLQDU\
REVHUYDWLRQV VKRZHG WKDW WKH OLIHVSDQ FRXOG
LQFUHDVH XS WR  GD\V )LJXUH  %UHHGLQJ LQ WKH
ODERUDWRU\ VKRZHG WKDW ORQJHYLW\ FRXOG UHDFK 
GD\V )LJ  7KLV VXJJHVWV WKDW HPHUJHQFH FDQ
RFFXU RYHU  ZHHNV DQG WKH LQVHFWV FDQ OLYH XS WR
GD\VXQGHUQDWXUDOFRQGLWLRQV
Insect damage to cones
3HVW GDPDJH YDULHG ZLWK VWDQG F\SUHVV VSHFLHV
DQG VWDJHV RI FRQH GHYHORSPHQW 7DEOH 
'DPDJH UHVXOWHG PRVWO\ IURP IHHGLQJ E\ M.
wachtli ZKLFK GRPLQDWHG WKH SHVW FRPSOH[ LQ  RI
WKH VWDQGV DQG GHVWUR\HG XS WR  RI \HDUROG
FRQHV DQG  RI \HDUROG FRQHV RI C.
sempervirens  RI \HDUROG FRQHV RI C.
arizonica, DQG  RI \HDUROG FRQHV RI C.
glabra ,Q PRVW RI WKH VWDQGV WKH DYHUDJH
SHUFHQWDJH RI WUHHV WKDW ZHUH DWWDFNHG E\ M.
wachtli YDULHG VLJQLILFDQWO\ 6RPH WUHHV ZHUH IUHH
RI KHDY\ DWWDFNV ZKHUHDV RWKHUV KDG PRUH WKDQ 
 RI WKHLU FRQHV FRORQL]HG DV REVHUYHG IRU WKH C.
arizonica VWDQG )     3   
WKH DUWLILFLDO SDUFHO RI C. sempervirens )   
 3    DQG WKH KHGJH )    
3    2Q WKH RWKHU KDQG QR VLJQLILFDQW
GLIIHUHQFH LQ WUHH DWWDFN E\ FKDOFLGV ZDV REVHUYHG
RQWUHHVRIWKH C. sempervirens QDWXUDOVWDQG












'LIIHUHQFHV LQ GDPDJH FDXVHG E\ M. wachtli ZHUH
DOVR QRWHG EHWZHHQ VLWHV DQG VSHFLHV 7KH C.
sempervirens DUWLILFLDO VWDQG  DQG WKH C.
arizonica glabra VWDQG  ZHUH VLJQLILFDQWO\
PRUH LQIHVWHG WKDQ WKH C. arizonica VWDQG DQG WKH
C. sempervirens QDWXUDO VWDQG DQG KHGJH )  
Table 3&RQHFURSDEXQGDQFHDQGSHVWGDPDJHWRF\SUHVVVHHGFRQHVRIGLIIHUHQWDJHVFROOHFWHGEHWZHHQDQG
LQWKH%DwQHPDUERUHWXP
Stands 1-year-old cones 2-year-old cones 3-year-old cones
N * Sound ** Damaged *** P.t N *
Sound ** Damaged *** N * Sound ** Damaged *** N *
M.w P.t M.w P.t
7KH C.arizonica VWDQG           
7KH C.arizonica glabra VWDQG           
7KH C. sempervirens VWDQG           
7KHKHGJHRI C.sempervirens           









3URSRUWLRQGDPDJHGE\ P.t P. tessulatana; M.w M. wachtli.
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH    3    7XNH\¶V WHVW VKRZHG WKDW WKH
LQIHVWDWLRQV LQ WKH C. arizonica VWDQG  DQG
WKH C. sempervirens QDWXUDO VWDQG  DQG
KHGJH  ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW
7KHVH GLIIHUHQFHV LQ LQIHVWDWLRQ FRUUHVSRQGHG WR
LQVHFW SRSXODWLRQ IOXFWXDWLRQV 'D 5RV HW DO
 RU WR YDULDWLRQ LQ FRQH SURGXFWLRQ EHWZHHQ
VLWHV5RTXHV
&RQRSKDJRXV SHVWV LQIHVWHG RQO\   RI WKH
FRQHV RI C. sempervirens GXULQJ WKH ILUVW \HDU RI
GHYHORSPHQW 7KHVH ORVVHV ZHUH GXH PDLQO\ WR WKH
ILUVW JHQHUDWLRQ RI P. tessulatana *XLGR HW DO
 UHSRUWHG VLPLODU UHVXOWV LQ ,WDO\ ZKHUH P.
tessulatana LQIHVWHG RQO\  RI WKH FRQHV ,Q
QDWXUDO DQG QDWXUDOL]HG VWDQGV LQ *UHHFH GDPDJH
UHVXOWHG PRVWO\ IURP IHHGLQJ E\ P. tessulatana
ODUYDH ZKLFK GRPLQDWHG WKH SHVW FRPSOH[ LQ  RI
WKH VWDQGV DQG GHVWUR\HG XS  RI \HDUROG
FRQHV LQ (OHRXVD 5KRGRV 5RTXHV HW DO 
$WWDFN E\ ODUYDH RI WKH ILUVW JHQHUDWLRQ RI WKH
WRUWULFLG VWRSSHG WKH JURZWK RI VHHG FRQHV WKH
FRQHV GULHG XS SUHPDWXUHO\ DQG XVXDOO\ GURSSHG
WR WKH JURXQG 2QO\ WKH VOLJKWO\ DWWDFNHG RU
KHDOWK\ FRQHV WKHQ UHPDLQHG RQ WKH WUHH 7KH
OLPLWHG GHFUHDVH LQ WKH QXPEHU RI \HDUROG
FRQHV UHVXOWHG PDLQO\ IURP IHHGLQJ E\ P.
tessulatana ODUYDH RI WKH VHFRQG DQG WKLUG
JHQHUDWLRQ 8QOLNH ZKDW KDSSHQHG WR \HDUROG
FRQHV PRVW RI WKH GDPDJHG FRQHV GLG QRW
GLVDSSHDU IURP WKH EUDQFK DQG VHHGV WKDW ZHUH
QRW GDPDJHG GLUHFWO\ ZHUH DEOH WR UHDFK PDWXULW\
+RZHYHU WKH DSSDUHQW OLPLWHG LPSDFW RI LQVHFW
DWWDFN GXULQJ WKH FRQH PDWXUDWLRQ SKDVH LV
PLVOHDGLQJ EHFDXVH GDPDJH E\ VSHUPDWRSKDJRXV
LQVHFWV VXFK DV Orsillus VSS ZKLFK FDQ EH
GHWHFWHG RQO\ E\ ;UD\ DQDO\VLV ZDV QRW WDNHQ
LQWR FRQVLGHUDWLRQ 1R VLJQLILFDQW GLIIHUHQFH LQ






Reproduction by P. tessulatana
7KH IHPDOH UHSURGXFWLYH DSSDUDWXV RI P.
tessulatana ZDV FRPSRVHG RI WZR RYDULHV ZLWK
IRXU RYDULROHV LQ HDFK 3UHYLWHOORJHQHVLV ODVWHG OHVV
WKDQ WZR GD\V ,Q JHQHUDO PDWXUH HJJV ZHUH
SUHVHQW E\ WKH WKLUG GD\ DIWHU HPHUJHQFH )LJXUH
 =RFFKL  REVHUYHG WKDW P. tessulatana
IHPDOHV ODLG HJJV DIWHU PDWLQJ 7KH OHQJWK RI WKH
PDWXUH HJJ YDULHG IURP  WR  PP 7KHVH HJJV
ZHUH DWWDFKHG WR WKH VXUIDFH HLWKHU LVRODWHG RU LQ
VHULHV )URP WKH VL[WK GD\ HJJ OD\LQJ VHHPHG WR
KDYH EHJXQ DV WKH GLVVHFWLRQV VKRZHG WKDW WKH
RYDULROHV FRQWDLQHG IHZ HJJV (JJV FDQ EH ODLG IRU
RYHUGD\V)LJ
Figure 60HDQHJJVQXPEHUE\IHPDOHRI Pseudococcyx tessulatana GLVVHFWHGVHYHUDOGD\VDIWHUHPHUJHQFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661




-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 8'LVWULEXWLRQRIWKHHPHUJHQFHKROHVRI Pseudococcyx tessulatana RIWKHFRQHVRI Cupressus
sempervirens
Relationships between the seed chalcid
and tortricid
7KH 3HDUVRQ 5 FRUUHODWLRQ FRHIILFLHQW RI
VDPSOLQJ ZKLFK UHIOHFWV WKH GHJUHH RI OLQHDULW\
EHWZHHQ WKH DWWDFNV RI WKH WZR LQVHFWV RQ WKH VDPH
FRQH ZDV QHJDWLYH 5   ï 7KH DWWDFNV RI
WKHVH WZR SHVWV VHHPHG WR H[FOXGH HDFK RWKHU
7DEOH  ,Q WKH HYHQW RI D VWURQJ FRQH
SURGXFWLRQ M. wachtli FKRVH WKH FRQHV QRW
FRORQL]HGE\ P. tessulatana
Distribution of the emergence holes of M.
wachtli and P. tessulatana
7KH GLVWULEXWLRQ RI WKH HPHUJHQFH KROHV RI M.
wachtli RQ WKH FRORQL]HG FRQHV LV LOOXVWUDWHG LQ
)LJXUH  7KLV GLVWULEXWLRQ UHIOHFWV WKH GLVWULEXWLRQ
RI WKH LQVHFWV LQVLGH WKH FRQH VLQFH ODUYDH DUH
XQDEOHWRPRYHWRGLIIHUHQWSDUWVRIDFRQH
,Q WKH HYHQW RI ORZ OHYHO GDPDJH WKH PDMRULW\ RI
WKH HPHUJHQFH KROHV ZHUH IRXQG WRJHWKHU RQ WKH
Table 59DULDQFHDQDO\VLVRI M. wachtli DQG P. tessulatana HPHUJHQFHKROHVUHSDUWLWLRQRQWKH C. sempervirens
OHQJWKHQHGVKDSHGFRQHV
Megastimus wachtli Pseudococcyx tessulatana
Cones with less than 10 holes Cones with more than 10 holes Cone scales
Scales Mean (±SD)
Scales Mean (±SD) Scales Mean (±SD)
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 69DULDQFHDQDO\VLVRI M. wachtli DQG P. Tessulatana HPHUJHQFHKROHVUHSDUWLWLRQRQWKHFRQHVRI C.
arizonica arizonica DQG C. arizonica glabra
C. arizonica arizonica M. wachtli C. arizonica arizonica P. tessulatana C. arizonica glabra P. tessulatana
Cone scales Scales Mean (±SD) Scales Mean (±SD) Scales Mean (± SD)
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OHYHO RI WZR FRQH VFDOHV WKH ORZHVW DQG WKH
PHGLXP RQHV VLWXDWHG RQO\ RQ RQH IDFH RI WKH
FRQH QXPEHU RI KROHV    )    
3    7KH KLJKHVW FRQH VFDOHV KDG D OLPLWHG
QXPEHU RI HPHUJHQFHV KROHV 7KXV WKH GDPDJH
ZDVFRQFHQWUDWHGFHUWDLQUHJLRQV
,Q WKH HYHQW RI KHDY\ GDPDJH M. wachtli
HPHUJHQFH KROHV ZHUH REVHUYHG RQ ERWK IDFHV RI
WKH FRQH 7KH\ ZHUH GLVWULEXWHG RQ WKH WZR ORZHVW
VFDOHV DQG WKH PHGLXP VFDOHV DPRQJ ZKLFK RQH
ZDV VLJQLILFDQWO\ PRUH FRORQL]HG QXPEHU RI KROHV
   )     3    7KH WZR VLGHV
RI WKH ORZHVW VFDOHV DQG WKH KLJKHVW VFDOHV ZHUH
VLJQLILFDQWO\ OHVV FRORQL]HG 7KLV FRXOG PHDQ WKDW
0 ZDFKWOL SUHIHUUHG WR OD\ HJJV RQ VHHGV WKDW
ZHUHQHDURQHDQRWKHU
7KH ORQJVKDSHG FRQHV ZHUH DWWDFNHG GLIIHUHQWO\
WKDQ WKH URXQG FRQHV ,Q WKH HYHQW RI ORZOHYHO
DWWDFN WKH PDMRULW\ RI WKH DWWDFNV RQ ORQJ FRQHV
ZHUH ORFDWHG RQ WZR VFDOHV RQH IURQW ORZHU
PHGLXP  DQG RQH RQ WKH VLGH ORZHU
PHGLXP VFDOHV  QXPEHU RI KROHV    )
    3    7DEOH  7KH
SUHIHUHQFH DUHDV RI H[LW KROHV SUREDEO\
FRUUHVSRQGHG WR WKH OD\LQJ SODFH DOVR ORFDWHG RQ
RQO\ RQH IDFH RI WKH FRQH $V GLVFXVVHG DERYH WKH
DWWDFNV ZHUH FRQFHQWUDWHG LQ VSDFH 7KH ORZHU DQG
KLJKHU VFDOHV ZHUH VLJQLILFDQWO\ PRUH DWWDFNHG ,Q
WKH HYHQW RI KHDY\ DWWDFN QR VLJQLILFDQW
GLIIHUHQFHV ZHUH REVHUYHG LQ GLVWULEXWLRQ RI WKH
KROHV RI H[LW RI M. wachtli EHWZHHQ WKH VFDOHV 7KH
LQVHFWV WKXV UDQGRPO\ DWWDFNHG WKH YDULRXV VFDOHV
RI WKH FRQH FRQWUDU\ WR ZKDW ZDV REVHUYHG LQ WKH
URXQGFRQHV
$WWDFN E\ M. wachtli RQ C. arizonica FRQH VFDOHV
ZDV UDQGRP QXPEHU RI KROHV    )    
 3   7DEOH  $WWDFN E\ P.
tessulatana RQ C. sempervirens ZDV FRQFHQWUDWHG
RQ WKH ORZHU DQG PHGLXP VFDOHV ORFDWHG RQ WKH
VDPH IDFH RI WKH FRQH QXPEHU RI KROHV    )
     3    )LJXUH  ,Q
FRPSDULVRQ DWWDFN RQ C. arizonica ZDV
FRQGHQVHG RQ WKUHH VFDOHV RQH ORZHU RQH
PHGLXP DQG RQH KLJKHU ORFDWHG RQ WKH VDPH IDFH
RI WKH FRQH QXPEHU RI KROHV    )    
 3    7DEOH  7KH PDMRULW\ RI WKH
GDPDJH WR WKH & arizonica Jlabra YDULHW\ ZDV
FHQWUDOL]HG RQ WZR VFDOHV D ORZHU DQG D PHGLXP
7KH PHGLXP FRQH VFDOH ZDV VLJQLILFDQWO\ PRUH
FRORQL]HG WKDQ WKH ORZHU RQH QXPEHU RI KROHV  
 )      3    7KXV DWWDFN
VWUDWHJ\ E\ ERWK WKH FKDOFLG DQG WRUWULFLG YDULHG
DFFRUGLQJ WR WKH F\SUHVV VSHFLHV DQG ORFDWLRQ RI
DWWDFNRQWKHFRQH
Discussion
7KH VWXG\ RI M. wachtli ELRORJ\ VKRZHG WKDW WKH
IHPDOH ZDV QRW GLIIHUHQW IURP RWKHU VSHFLHV RI
Megastigmus 7KH HPHUJHQFH RI M. wachtli IURP
VHHG FRQHV XVXDOO\ ODVWHG  GD\V DQG DGXOWV OLYHG
IRU DERXW  GD\V EXW RQO\ WKH ROGHU IHPDOHV OD\
HJJV 7KHUHIRUH FRQHV PXVW EH SURWHFWHG IURP
LQIHVWDWLRQGXULQJDSHULRGRIZHHNV
7KH M. wachtli OD\LQJ VWUDWHJ\ RQ WKH
FLUFXPIHUHQFH RI WKH PHGLXP VFDOHV ZDV SUREDEO\
DGYDQWDJHRXV IRU WKH GLVFRYHU\ RI IXOO VHHGV
FRQFHQWUDWHG DW WKLV OHYHO 7KH DWWDFN ZDV GLIIHUHQW
RQ WKH ORQJ YV URXQG FRQHV WKH ORZHU VFDOHV ZHUH
VLJQLILFDQWO\ OHVV DWWDFNHG LQ WKH HYHQW RI ORZOHYHO
LQIHVWDWLRQ RI ORQJ FRQHV ,Q FRPSDULVRQ WKH
VWUDWHJ\ RI DWWDFN RI P. tessulatana ZDV GLIIHUHQW
RQ WKH WZR YDULHWLHV RI C. arizonica, DQG ZDV
GLIIHUHQW IURP LWV DWWDFN RQ C. sempervirens
2YLSRVLWLRQ VLWHV IRU M. wachtli DQG P.
tessulatana ZHUH VLPLODU DV WKH ODWWHU SUREDEO\
FKRVH WKH OD\LQJ VLWHV RI M. wachtli IRU RYLSRVLWLQJ
LWV HJJV 7KH DQWDJRQLVP RI WKH DWWDFNV RI WKHVH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WZR VSHFLHV FDQ EH H[SODLQHG E\ WKH FKRLFH RI WKH
VDPHIDYRULWHDUHDIRUDWWDFN
7KH FRPSHWLWLRQ EHWZHHQ WKHVH VSHFLHV IRU XVH RI
F\SUHVV FRQHV VXJJHVWV WKDW WKH\ XVH GLIIHUHQW
VWUDWHJLHV IRU GLIIHUHQW VSHFLHV RI F\SUHVV 7KH
QXPEHU RI LQVHFWV WKDW FRXOG GHYHORS UHODWLYH WR
WKH QXPEHU RI FRQHV DYDLODEOH DOVR YDULHV EHWZHHQ
VSHFLHV RI F\SUHVV M. wachtli KDV D KLJK SRWHQWLDO
IRU FRORQL]DWLRQ EHFDXVH LW KDV HYROXWLRQDU\
DGYDQWDJHV WKDW HQDEOHG LW PDLQWDLQ LWV
SRSXODWLRQV LQFOXGLQJ LWV FDSDFLW\ IRU
SDUWKHQRJHQHVLVLWVIHFXQGLW\DQGORQJHYLW\
'XULQJ RXU VWXG\ O.depressus ZDV REVHUYHG RQ
WKH FRQHV RI C. arizonica arizonica C. arizonica
glabra DQG C. sempervirens ,W VHHPV WKDW LW LV
PRUH ZLGHVSUHDG LQ ZDUP DUHDV EHFDXVH LW ZDV
IRXQG OHVV LQ WKH QRUWKHUQ 0HGLWHUUDQHDQ ZKHUH
O. maculatus KDV UHSODFHG LW H[FHSW LQ 3RUWXJDO
%DWWLVWL SHUVRQDO FRPPXQLFDWLRQ ,QGHHG LQ
3RUWXJDO LW ZDV VKRZQ WKDW O.depressus DIIHFWV
WKH SURGXFWLRQ RI VHHGV LQ WKH SODQWDWLRQV RI
F\SUHVV5DPRVDQG$EUDQWHV
8QOLNH LQ VRXWKHUQ (XURSH WKH VHHG EXJ O.
depressus VHHPV PRUH DEXQGDQW WKDQ O.
maculatus RQ F\SUHVV VSHFLHV JURZLQJ LQ 1RUWK
$IULFD %RXD]L] DQG &KDNDOL  ,Q (XURSH DQG
LQ WKH 0HGLWHUUDQHDQ EDVLQ WUHHV RI WKH
&XSUHVVDFHDH IDPLO\ KRVW VHYHUDO VHHG EXJ VSHFLHV
RI WKH JHQXV Orsillus HVSHFLDOO\ 2 maculatus DQG
2 depressus 'HWDLOHG LQIRUPDWLRQ DERXW QDWXUDO
KLVWRU\ LV DYDLODEOH IRU 2 maculatus *XLGR HW DO
 %DWWLVWL HW DO  5DPRV DQG $EUDQWHV
 7KLV VHHG EXJ GHYHORSV HVVHQWLDOO\ RQ WKH
HYHUJUHHQ F\SUHVV C. sempervirens ZKHUH LW OD\V
HJJV LQ FRQH RSHQLQJV VXFK DV HPHUJHQFH KROHV RI
D F\SUHVV VHHG FKDOFLG M. wachtli RU DW LQQHU VLGH
RI SDUWO\ GHWDFKHG FRQH VFDOHV %DWWLVWL HW DO
 %RWK Q\PSKV DQG DGXOWV IHHG RQ PDWXUH
VHHGV LQVLGH WKH FRQHV FDXVLQJ FRQVLGHUDEOH
GDPDJH WR VHHG FURSV LQ VHHG RUFKDUGV DV ZHOO DV
LQ QDWXUDO VWDQGV 5RTXHV HW DO  %DWWLVWL HW DO
 ,QIRUPDWLRQ RQ WKH ELRORJ\ RI O. depressus
LV PXFK OHVV GHWDLOHG EXW WKLV EXJ KDV EHHQ
REVHUYHG RQ VHYHUDO VSHFLHV RI Juniperus
Chamaecyparis DQG Thuja DV ZHOO DV RQ
Cupressus VVS DQG Pinus &OHX  'XSXLV
 'LROL  6WLFKHO  ,Q DGGLWLRQ LW ZDV
UHSRUWHG WR VHYHUHO\ DIIHFW VHHG SURGXFWLRQ RQ D
SODQWDWLRQ RI Cupressus lusitanica 0LOO LQ
3RUWXJDO 5DPRV DQG $EUDQWHV  7KH VHHG
EXJ O maculatus LV DVVRFLWHG ZLWK SDWKRJHQLF
IXQJL DIIHFWLQJ F\SUHVV VXFK DV S. cardinal ZKLFK
LV UHVSRQVLEOH IRU WKH F\SUHVV EDUN FDQNHU DQG
Pestalotiopsis funerea 'HVP 7KH DGXOW EXJV
PD\ GLVVHPLQDWH WKH IXQJL FRQLGLD DPRQJ WUHHV
ZKHUHDV WKH Q\PSKV PD\ ILQG D VXLWDEOH
GHYHORSPHQW VLWH LQ IXQJXVLQIHVWHG FRQHV
%DWWLVWL HW DO  5DPRV DQG $EUDQWHV 
,Q $OJHULD D IXQJXVLQIHFWHG FRQH FDQ EH
LQKDELWHG E\ WKH Q\PSKV RI WKH VHHG EXJ
O.depressus WKH DGXOWV RI ZKLFK PD\ FDUU\ D
KHDY\ VSRUH ORDG DW HPHUJHQFH &RQHV DUH LQIHFWHG
ZKHQ HJJV DUH ODLG ZLWKLQ WKH FRQH PRVW
IUHTXHQWO\ YLD WKH HPHUJHQFH KROHV RI M. wachtli
%RXD]L]
Brachyacma oxycedrella 0LOOLqUH /HSLGRSWHUD
*HOHFKLLGDH ZDV REVHUYHG RQ WKH FRQHV RI C.
sempervirens GXULQJ $XJXVW  7KLV VSHFLHV
ZDV REVHUYHG LQ DOO VRXWKHUQPRVW (XURSH IURP
6SDLQ WR 'DPDOWLD RQ J. oxycedrus J. thurifera
J. phoenicea Biota orientalis DQG C.
sempervirens DQG LQ $OJHULD RQ T. articulata
5RTXHV  *XLGR HW DO  DOVR REVHUYHG
WKLV VSHFLHV RQ C. sempervirens LQ ,WDO\ ,W LV
ZLGHVSUHDG LQ 0RURFFR ZKHUH LW ZDV REVHUYHG
DORQJ WKH $WODQWLF OLWWRUDO 1RUWKHUQ DQG LQ WKH
FRQWLQHQWDO SODLQV 0DUUDNHFK RQ C.
sempervirens DV ZHOO DV LQ KLJK $WODV PRXQWDLQV
RQ J. thurifera DQG J. oxycedrus LQ WKH PLGGOH
$WODV PRXQWDLQV DQG RQ WKH (DVWHUQ SODWHDX
2XMGD RQ J. thurifera (O +DVVDQL DQG
0HVVDRXGL (O$ODRXL(O)HOV
Nanodiscus transversus $XEp &ROHRSWHUD
1DQRSK\LGDH ZDV DOVR REVHUYHG RQ VHYHUDO
VSHFLHV RI -XQLSHUXV LQ WKH 0HXUGMD DUERUHWXP
%RXD]L]  %RXD]L] DQG &KDNDOL  $GXOWV
ZHUH REVHUYHG GXULQJ WKH ILUVW  GD\V RI 0DUFK
 RQ WKH FRQHV RI C. sempervirens. N.
transversus LV ZLGHVSUHDG LQ WKH VRXWK RI )UDQFH
6SDLQ 6LFLO\ *UHHFH ,WDO\ DQG $OJHULD RQ
Juiperus oxycedrus DQG J. phoenicea DQG ZDV
REVHUYHG RFFDVLRQDOO\ RQ WKH FRQH RI C.
sempervirens LQ )UDQFH 5RTXHV et al 19 ,Q
0RURFFR LW DWWDFNV Tetraclinis articulata DQG J.
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
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FRQHV SUHPDWXUH IDOO RI FRQHV ZDV REVHUYHG RQ
VHYHUDO RFFDVLRQV RQ WKH C. sempervirens FRQHV LQ
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SUREDEOH SUHVHQFH RI WKLV VSHFLHV RQ WKH C.
sempervirens FRQHV LQ $OJHULD $QRWKHU VSHFLHV RI
PLQRU LPSRUWDQFH Ernobius cupressi WKDW ZDV
IUHTXHQW LQ .RV ZDV QRW LQYHQWRULHG LQ WKLV VWXG\
+RZHYHU $OJHULDQ IDXQD DSSHDUV PRUH GLYHUVH
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